The Rice
INTRODUCTION
Proteome analysis linked to genome sequence information is very useful for functional genomics. The genome and proteome of an organism do not correspond on a one-to-one basis: one gene may give rise to multiple proteins by means of alternative splicing or post-translational modi®cation, and its expression may be temporally or spatially regulated. Since proteins are the major players in most processes of living cells, knowledge of the proteome has great relevance to the study of cells and organisms at the molecular level. Accordingly, several databases based on two-dimensional polyacrylamide gel electrophoresis (2D-PAGE) are already available. These are ECO-2DBASE (1), HSC-2DPAGE (2), YPD (3), SIENA-2DPAGE (4, 5) , PHCI-2DPAGE (6,7) and SWISS-2DPAGE (8) .
Rice is not only a very important agricultural resource, it is also a model plant for biological research. Several studies have dealt with the construction of proteomes for complex samples from rice, such as leaf, embryo, endosperm, root, stem, shoot and callus (9±15). Proteomics studies to date have focused mainly on changes in genome expression that are triggered by environmental factors. Examples of descriptive proteomes include the global comparison of green and etiolated rice shoots (11) , an analysis of defense-associated responses in the rice leaf and leaf sheath following jasmonic acid treatment (16) , an analysis of blast fungus infection of rice grown under different levels of nitrogen fertilization (17) and the characterization of proteins responsive to gibberellin in the leaf sheath of rice seedling (18) .
As a complement to these more focused studies, and to facilitate future advances in rice functional genomics, we have constructed the Rice Proteome Database. The Rice Proteome Database comprises information about proteins identi®ed on 2D-PAGE maps of protein extracts from a wide variety of tissues and subcellular compartments of rice. The proteins were identi®ed by various techniques, including gel comparison, microsequencing using a protein sequencer, and peptide mass ®ngerprinting using mass spectrometry (19) . The core of the Rice Proteome Database consists of a description of each of the proteins identi®ed, including its calculated properties such as molecular weight, isoelectric point and expression level; its experimentally determined properties such as amino acid sequences, peptide masses and homologous proteins; and a 2D-PAGE image showing the location of the protein. Links are provided to tools for proteomics and to the other 2D-PAGE databases described above, which in turn provide many links to other molecular biology databases.
One major contribution of the Rice Proteome Database, in which most known rice proteins are recorded, is the wealth of new proteins on which experiments can be conducted at the biochemical and molecular levels. In addition to facilitating the identi®cation of known proteins, sequences in the database can be used to prepare oligodeoxyribonucleotides, which are essential for cloning the corresponding cDNAs. Finally, an attempt is also made to study the physiological signi®cance of some proteins thus identi®ed from rice. 
FORMAT AND CONTENT OF THE RICE PROTEOME DATABASE
Each entry in the Rice Proteome Database corresponds to one protein in the 2D-PAGE image data. The following three features are speci®c to the Rice Proteome Database.
(i) The reference 2D-PAGE map shows the position of the identi®ed entry (Fig. 1A) . Spot numbers are displayed on this 2D-PAGE image. The spot list contains a table listing the number of proteins on each 2D-PAGE map in the Rice Proteome Database. Experimental protocols used for protein puri®cation and 2D-PAGE with isoelectric focusing (IEF) and immobilized pH gradient (IPG) are shown on this page. The 2D-PAGE image is synthesized as a composite of gels run by these two different methods and the positions of individual proteins on the gels evaluated using Image Master 2D Elite software (Amersham Biosciences, Uppsala, Sweden).
(ii) The spot information pages (Fig. 1B) provide a range of information about each protein spot, including mapping procedure and spot coordinates; calculated properties of the protein such as molecular weight, isoelectric point and expression level; experimentally determined properties, such as amino acid sequences and peptide masses obtained using protein sequencers and mass spectrometry, respectively, homologous proteins predicted by these two methods; and other information. The accession number of each homologous protein links to the NCBI site. Other information shows the accession number and the percent identity of the homologous full-length cDNA in rice, and biological information such as the known function or functions obtained via experimentation.
(iii) The Mascot Search results page displays the peptide masses derived from mass spectrometry (Fig. 1C) . This page brings together the Mascot Search results such as the accession numbers of homologous proteins, scores, sequence coverage and predicted peptides. This page is also linked to the Mascot Web site (Matrix Science Ltd, London, UK).
The current release contains 21 reference maps from rice biological samples that are either tissue speci®c such as cultured suspension cells, endosperm, crown, seedling root, seedling leaf sheath, seedling leaf blade, stem, mature plant root, mature plant leaf sheath, mature plant leaf blade, anthers, panicle before heading, panicle after heading and panicle 1 week after¯owering; or speci®c to a subcellular location such as cell wall, plasma membrane, vacuole membrane, Golgi membrane, mitochondrion, chloroplast and cytosol. These reference maps of proteins from various tissues and subcellular fractions have a total of 11 941 identi®ed protein spots, corresponding to 4180 separate protein entries in the database ( Table 1 ). The information on amino acid sequences is updated weekly.
The Rice Proteome Database has links to the NIAS Rice genome tools which are the Rice Expression Database (RED), the Rice full-length cDNA Database (KOME), the Rice Genome Integrated map Database (INE), the Rice Mutant Panel Database (Tos17), the Rice Genome Annotation Database (RiceGAAS), and DNA Bank. The Rice Proteome Database also links to many useful proteomics tools and other proteomics databases (Fig. 2) .
HOW TO USE THE RICE PROTEOME DATABASE
The Rice Proteome Database can be reached on the world wide web through the Rice Proteome Database home page at http://gene64.dna.affrc.go.jp/RPD/. The Rice Proteome Database home page and the contents of the Rice Proteome Database are maintained by the authors (qxzhsk@bank. dna.affrc.go.jp and skomatsu@affrc.go.jp). The Rice Proteome Database home page provides introductory material (i) By selecting a spot on one of the 2D-PAGE reference maps. The Rice Proteome Database contains information on proteins identi®ed from several tissues and organelles on 2D-PAGE reference maps. These 2D-PAGE maps can be reached by clicking the individual tissues/organelles denoted by red boxes. Only spots with sequence data are highlighted and labeled`Annotation Data Available'.
(ii) By`protein keyword' or`protein database accession identi®ers' using the protein name or accession number. The Rice Proteome Database can be searched using proteins as keywords.
(iii) By isoelectric point and molecular weight for any protein. The Rice Proteome Database can be searched with a range of isoelectric points and molecular weights.
(iv) By similarity search with the user's amino acid sequences. The query sequence can be searched using the homology search tools BLASTP and BLASTX for the presence of amino acid sequences identical or similar to previously reported amino acid sequences in the Rice Proteome Database.
FUTURE PROSPECTS
Information on post-translational modi®cations such as phosphorylation, glycosylation and other modi®cations, obtained experimentally by immunoblot, will be added to the Rice Proteome Database at the end of March 2004. The experimentally determined 2D-PAGE image results for rice embryo, nucleus and other new samples will also be added, and the number of identi®ed proteins will be increased. 
